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3.1.1.2 Omni Directional Antenna Characteristics

WAAS Reference Stations (WRSs) and Ground Uplink Subsystems (GUSs) both utilize the
NW2225 antenna. The requirements this antenna must satisfy are documented in unit and system
level WAAS documentation. Table 1-3 provides an excerpt from this documentation for key L1
antenna requirements useful for evaluation of interference effects. Additionally, Figure 1-13
provides actual performance of the antenna’s integrated Filter/LNA for frequencies near the L1

passband.

Table 1-3. Key L1 Antenna Characteristics for NW2225

Antenna pattern gain for RHCP signal
Gamn L1

Elevation = 5° >-9.0 dBic
Elevation = 90° (Zenith) >3.0 dBic
Axial ratio 4.0 dB, Max.
RF Gain 48 +3 dB
Maximum Input Signal w/o Damage +20 dBm, CW
1 dB Compression Point +10 dBm, Min,
Noise Figure <2.0dB @25°C

Attenuation > -80 dB
Attenuation near L1
-80 dB

Non-operating frequencies

+ 50 of 1575.42 MHz (Max)

Amplitude (dB)
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Figure 1-13. WAAS Antenna (NW2225) L1 Signal Conditioning Performance
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3.1.1.2 Downlink Antenna Characteristics

The GUS also uses a High Directional/High Gain antenna for receiving the L1 and L5 downlink
signals from the WAAS GEO satellites. Key performance requirements for this antenna are
reflected in Figure 1-14 where the max gain has been normalized to zero dB. The gain of the
antenna at boresight is nominally 28 dB.
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Figure 1-14. GUS Antenna Gain Pattern

3.1.2 WAAS Network Receivers

L1 signal processing provided by the receiver is essentially identical for reference station and
ground uplink applications in WAAS. As with the WAAS antenna, signal processing
requirements relevant to RF interference performance are documented in unit and system level
WAAS documentation. This documentation contains other requirements too numerous to list in
this document related to signal acquisition, accuracy and data demodulation performance. For
receiver performance pertaining to interference, the specifications require the receiver provide
filter attenuation for out-of-band emissions of 50 dB or greater. For out-of-band emissions within
+ 50 MHz of the L1, L2 and LS5 center frequencies, the receiver provides filter attenuation
characteristics as specified in Figure 1-15. The receiver may achieve these attenuation
characteristics through a combination of RF and IF filters.
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Figure 1-15. RF Attenuation Near L1 L2 and L5 Passbands

Out-of-band rejection characteristics are intended to be satisfied with the combination of antenna
and receiver filtering and receiver processing gain. Therefore, after initial signal acquisition and
steady-state operation has commenced with the receiver, a GPS/WAAS antenna/receiver can
operate in the presence of a single CW interferer that does not exceed the interference to signal
power ratio by more than the levels shown in Table 1-4 (further illustrated in Figure 1-16). The
interference signal is relative to the minimum GPS/WAAS signal levels. The signal suppression
allocations are as follows: 80 dB for the antenna filter, 50 dB for receiver out of band, and 24 dB
for receiver in-band processing gain. Note that CW was specified for out-of-band emissions to
constrain test requirements.

Table 1-4. Out of Band Rejection Characteristics

Interference Frequency, f (MHz) | Interference to Signal Power Ratio (dB)
800 <f<1106.45 2150 dB

110645 < f<1166.45 +150 — 2*(f-1106.45) dB

1237.6 << 1297.6 +30 + 2*(f- 1237.6) dB

1297.6 <f < 1505.42 =150 dB

150542 < f< 1565.42 +150 - 2*%(f-1505.42) dB

1585.42 << 1645.42 +30 +2*(f- 1585.42) dB

1645.42 < < 2000 for L1 >150 dB

1645.42 <f< 1700 for L2 >150 dB
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Figure 1-16. Out of Band Rejection Characteristics for CW Interference
3.2 GBAS

The U.S. GBAS program was originally referred to as the Local Area Augmentation System
(LAAS) but recently changed in name to adhere to international terminology. A Category I
(CAT I) Non-Federal GBAS built by Honeywell International received System Design Approval
(SDA) from the FAA on September 3, 2009. The Port Authority of New York/New Jersey has
purchased and installed the first system at Newark Liberty International Airport. This system is
expected to become operational in the near future. Several different prototype systems are
installed at other locations in the United States. The FAA’s GBAS Program Office is working in
conjunction with industry towards the operational validation of Category II/IIIl GBAS standards
and specifications.

Current CAT I Non-Federal GBASs conform to the specifications in [20], which provide
numerous performance requirements that must be met with identical maximum interference
levels as those in use for GPS avionics described earlier in this document.

3.3 Timing

GPS timing receivers are used for critical purposes at numerous facilities in the national airspace
system (NAS). These include Trimble Resolution T receivers for the ADS-B stations being
deployed by ITT. TrueTime and Symmetricom GPS timing receivers are used for timing for
several automation systems. These are commercial timing products that should be covered by the
TWG’s timing receiver category.
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2. Subtask 2 - Model Characterization of the Terrestrial Broadband Network

Task Statement

In cooperation with the LightSquared Working Group, develop a baseline model
characterization of the planned initial and fully deployed broadband network, including ATC
locations and siting assumptions/limitations. Identify user handset planning assumptions as
appropriate.

LightSquared Ancillary Terrestrial Component (ATC) Technical Parameters
LightSquared plans for three spectrum phases for its broadcast signal:

e Phase 0: One 5 MHz channel : 1550.2 MHz- 1555.2 MHz, 62 dBm EIRP per 5 MHz
channel

e Phase 1: Two 5 MHz channel : 1526.3 MHz -1531.3 MHz & 1550.2 MHz - 1555.2 MHz,
62 dBm EIRP per 5 MHz channel

e Phase 2: Two 10 MHz channel : 1526 MHz -1536 MHz & 1545.2 MHz - 1555.2 MHz,
62 dBm EIRP per 10 MHz channel

LightSquared has stated that their intention is to always operate ATCs at least 4 MHz away from
the GPS band edge at 1559 MHz. Using LTE technology (OFDM, orthogonal frequency division
multiplex modulation), each 10 MHz channel will have 1 MHz internal guard band, including
500 KHz on each side of the channel. LightSquared plans to deploy 20W per channel per sector.
Each sector will have two transmit chains so a total power of 40W per sector per channel will be
transmitted from each base station tower. Given there are three sectors, that results in a total of
120W per tower per channel. In LightSquared plans for spectrum Phases 1 and 2 there will be
two channels so the result is 80W per sector or 240W per tower. Further, LightSquared plans to
deploy a maximum of 62 dBm EIRP per channel and with two channels per sector, total EIRP
per sector will then be 65 dBm per sector. Vertical cross polarization will be used for ATC
transmissions.

Table 2-1. LightSquared Spectrum Deployment Phases

Phrase O One(1) 8MHz FOD O 1660 2. 1008 IMi4x a2 dBW (20 JBVWM H x)

UL 1851 7- 18058 7 MM

Channel 1
DL 1628 3-1531 3MHz
UL 1027 8-1832 8 MHz
Phase 1A Twa 2] OMHz FDD 32 BV (20 dEVVIM H x)
Channel 2
DL 1660 2:1888 7 MHx
L1 s I bibir

anmn
DL 1620- 1630 MHa
UL 1877 8-1837 0 MHx
Phass 2 Two(ld) 10 MH2 FDD ch ol 2 37 dBWVY {22 dBWIM H Z)
DL 1648 2.1085 2 MHx

Ul 1848 7-1056 7 Mz
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Figure 2-1. LightSquared OOBE requirements (normalized dBm/Hz from 1626.5 MHz) for LTE
10 MHz
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Figure 2-2. LightSquared OOBE requirements (normalized to dBm/Hz from 1660.5 MHz) for
LTE 10 MHz
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5. Subtask S - Analysis of Effects to GPS Applications
Task Statement

Analyze the expected and potential effects of GPS use for each of the developed scenarios
including current and future spectrum environment (e.g. 2025) considerations.

Overview

GPS susceptibility tests were conducted with various LightSquared signals and test
environments. Testing was accomplished with conducted emissions in laboratory environments
and radiated emissions in anechoic chamber and with Live Sky environments. During the course
of this testing, over a dozen different types of receivers for applications ranging from aviation,
survey to space were tested. Table 5-1 provides the LightSquared power level where receivers
indicated 1 dB degradations in C/No and when satellite tracking was disrupted (loss of lock).
These results are for a single LightSquared base station and do not attempt to address aggregate
power from multiple base stations (this is accomplished for specific applications in Task 6.) In
addition to the Phase 0 through 2 LightSquared signal types, results from 10 MHz low are also
provided in this Table. The results represented in this Table were generally taken from a single
test environment versus providing a range of results for various test efforts. For example, the
aviation receiver results were obtained from conducted emissions tests conducted at Zeta even
though many of these same receivers were also used in Chamber and Live Sky testing. For
completeness though, all test reports are included in this Subtask.

The summary Table for Task 5 in the main body of document was derived from these results
using free space loss calculation and assuming a per channel EIRP of for LightSquared of 62
dBm and frequency of 1550 MHz.

Table 5-1. Degradation Effects * Caused by LightSquared Signals

Receivers Phase 0 Phase 1 Phase 2 10 MHz Low
Aviation (conducted emissions)
#1 -36/-28 -36/-28 -33/-24 -1/+3
#2 -62/-55 -63/-56 -60/-53 -2/+1
#3 -50/-48 -50/-48 -48/-45 =242
e -35/-27 -38/-34 -38/-34 -4/+2
#5 -38/-21 NM NM NM
#6 -36/>-16 NM NM NM
#7 -30/-17 NM NM NM

Maritime (chamber tests)

Timing (chamber tests)
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#8 NM -55/-17 dBm NM NM

High Precision (chamber & live sky tests)
#9 -32/-21 -54/-50 -46/-42 -27/-20
#10 -28/-21 -52/-47 -46/-42 -7 dBm/NA
#11 TBR/-24 TBR/-41 TBR/-39 TBR/-20
#12 -53/-41 -57/-52 -56/-50 -39/-27
#13 -43/-32 -51/-46 -50/-44 -20/-6
#14 TBR/-23 TBR/-43 TBR/-40 TBR/-21
#15 NM -60/-46 NM NM
#16 NM -69/-43 NM NM

Space (conducted emissions)

TRIG -76/-62 -84/-70 NM NM
IGOR NM -60/-48 NM NM

*data entries represent levels for (-1 dB C/No)/(Loss of tracking) values
TBR - data still being analyzed

Conducted Emissions Testing
FAA

Test Environment

GPS simulated signals were generated using a Spirent STR2760 or an Advanced Global
Navigation Simulator (AGNS) calibrated to provide known signal levels (changed simulators
because STR2760 power supply failed). For MOPS-based tests, broadband white noise was
generated using an HP346B noise source that was amplified and then attenuated with a
programmable attenuator to provide a controlled amount of additional noise. This broadband
noise emulates the degradation of numerous sources that are not present for conducted tests and
includes the energy of all other GNSS signals and sky noise.

The simulated GPS constellation used consists of 24 satellites plus one or two SBAS GEOs
generating L1 C/A code, appropriate for MOPS-based tests and consistent with GPS SPS PS and
DO-229 (SBAS simulated only for SBAS message loss tests). The constellation was generated
from the Yuma almanac file from April 8th, 2009, with PRNs 01, 06, 18, 24, 25, 26, 32 removed
and the GPS week changed to 1634. The power level of the simulated GPS signals depended on
the type of test. For the ground-based receiver tests (Receivers #5, 6 & 7), the level was set to the
SPS minimum of -128.5 dBm, assuming 0 dBi antenna gain. For the aviation receiver MOPS-
based tests, one satellite was at -120 dBm and the rest were at -134 dBm, representing maximum
and minimum levels at the input to a representative antenna filter/LNA. Note that in the MOPS-
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based tests, the receivers were allowed to track for approximately 15 to 30 minutes with all
satellites at -120 dBm before dropping power of all but one to -134 dBm at the start of the test.

Although the tests of ground-based receivers did not include additional noise, the MOPS-based
tests of aviation receivers required additional broadband white noise according to the MOPS-
based test plan [1]. For the carrier-to-noise ratio (CNR) degradation test to determine a 1-dB
degradation point, -173.5 dBm/Hz external noise was specified, which required adding 4.1 dB
additional noise to the system. For the SBAS message loss tests, -170.5 dBm/Hz external noise
was specified, which required adding 5.6 dB additional noise to the system. These noise levels
are intended to emulate the highly stressful RF environment in which MOPS-compliant receivers
are required to operate.

C/No 1 dB Degradation and Loss of Tracking Results

The 1 dB carrier to noise density (C/No) degradation and loss of tracking results for ground-
based receivers are shown in Table 5-2. These were obtained with the Phase 0 LightSquared
configuration and GPS signals at the SPS minimum level of -128.5 dBm. Note that Receiver #5
1-dB degradation result is at a point when the automatic gain control became unstable and
caused a greater than 1 dB drop in C/No. Also Receiver #6 did not lose lock up to the maximum
level tested, 16 dBm. Plots of the Phase 0 test results for Receivers #5, 6, & 7 are in Figure 5-1,
Figure 5-2 and Figure 5-3, respectively.

Table 5-2. LightSquared Phase 0 Signal Power (dBm) for 1 dB C/No Degradation and Loss of
Satellite Tracking

Receiver 1-dB C/No degradation Loss of tracking
#S -38* ~21
#6 -36 > -16**
#1 -30 -17

* G-II AGC gain shifted and C/No degraded by more than 1 dB at this level
** LGF did not lose lock at Phase 0 levels tested
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Recsiver #5 Response to LightSquared Phase 0 Signel (5 MHz BW at 1552.7 MH2)
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Figure 5-1. Receiver #5 C/No Response to LightSquared Phase 0 Signal
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Figure 5-2. Recetver #6 C/No Response to LightSquared Phase 0 Signal

DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited

5-4



DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited

Receiver #7 Response to LightSquared Phase 0 Signal (S MHz BW at 1552.7 MHz)
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Figure 5-3. Receiver #7 C/No Response to LightSquared Phase 0 Signal

The 1 dB degradation and loss of tracking results for the aviation receivers obtained in the
MOPS environment are shown in Table 5-3 and Table 5-4, respectively. The results cover
LightSquared Phase 0, 1 and 2 configurations as well as two configurations using S MHz and 10
MHz bandwidths in the lower channel; the two low-channel configurations are the Phase 1 and 2
configurations without the upper channel included. Note these tests used GPS signals at low
power, -134 dBm, and were conducted with the noise generator providing and equivalent
external noise level of -173.5 dBm/Hz. Corresponding plots of the aviation receiver results are
provided in Figure 5-4 through Figure 5-23.

Table 5-3. Signal Power (dBm/channel) for 1 dB C/No Degradation Caused by LightSquared
Signals

Receiver Phase 0 Phase | Phase 2 5 MHz Low | 10 MHz Low
#1 -35.9 -359 -33.3 +3.4 -1.1
#2 -61.9 -62.5 -59.7 +3.7 -1.7
#3 -50.2 -50.0 -47.7 +2.9 -1.7
#4 -35.4 -38.2 -37.7 -1.0 -4.4
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